ABSTRACT. Localization of ganglioside GM1 in cholinergic neurons from the septal area of a primary culture newborn rat brain was studied with a double avidin-biotin complex system. Cholinergic neurons were identified by double immunolabeling techniques that use choline acetyltransferase (ChAT) and neurofilament (NF) protein-antibodies. ChAT-positive neurons also were stained for ganglioside GM1 by using an avidin-biotin complex technique.
Cholinergic neurons of the brain appear to show specific degeneration in Alzheimer's disease (9) . Recent immunohistochemical studies have demonstrated that choline acetyltransferase (ChAT) is a specific cholinergic marker (8, 11), but gangliosides have been reported to promote the regeneration of cholinergic septohippocampal fibers in vivo (13) and to affect nerve growth factor (NGF)-mediated ChAT activity in cultures of dissociated septal cells (7).
These reports suggest that gangliosides may facilitate differentiation by acting as receptors for such neurotrophic factors as NGF in cholinergic neurons. We therefore investigated whether ganglioside GM1 is localized in cultured cholinergic neurons from the rat's septal region.
An understanding of GMl localization is important for research on the cause and treatment of Alzheimer's disease. In addition, ganglioside GM1 may function in the activities of cholinergic neurons.
MATERIALS AND METHODS
Cell culture conditions. The brains were removed from newborn rats and the septal areas dissected under a binocular microscope using modifications of methods described previously (2, 6). The tissue pieces removed were transferred to culture dishes that held Eagle's minimum essential medium (MEM) containing 15 % semifetal calf serum (SFCS) (Mitsubishi Chemical Industries Ltd., Tokyo). This rinsed tissue was placed on a stainless 
RESULTS
Two-day-old cultures of newborn rat septal areas were stained doubley with biotinylated anti-ChAT antibody avidin-FITC-conjugates and biotinylated anti-NF protein antibody avidin-Rh complex system. Cholinergic neurons in the culture gave a positive reaction for both ChAT and NF immunoreactivity (Fig. l a, b) .
The distribution of ganglioside GM1 in cholinergic neurons was studied by doublelabeling two-day-old cultures of cells from the septal areas of newborn rats with biotinylated anti-ChAT antibody (fluorescein) (Fig. 2a) and biotinylated choleragen (rhodamine) (Fig. 2b) . Phase contrast micrographs are shown in Fig. 2c . GM1-positive cells also were labeled by antibody to ChAT, but some cells that were stained with biotinylated-choleragen/avidin-Rh for ganglioside GM], (probably non- cholinergic neuronal cells) were not stained by the biotinylated-ChAT/avidin-FITC complex (Fig. 2a, arrows) . Our findings suggest that ChAT-positive neurons can be stained for ganglioside GMT by using biotinylated choleragen.
DISCUSSION
First we demonstrated the presence of ganglioside GMI in cultured cholinergic neurons by using the avidin-biotin complex system in a double-staining technique. The ChAT-positive cells in cultures of dissociated septal neurons gave a positive reaction for ganglioside GM' immunoreactivity (Fig. 2) , indicating that ChAT is a specific marker for cholinergic cells, as reported previously (Fig. 1) (8, 12) . Ganglioside GM,. might, however, function in the activity of cholinergic neurons, to the response to NGF (5, 7). These results suggest that ganglioside GM1. facilitates differentiation in cholinergic neurons by acting as a receptor for such neurotrophic factors as NGF.
Our results, based on the double-staining technique described above, confirm that ganglioside GM1 is present in cholinergic neurons of rat brain cultures (Fig. 2) suggest that ganglioside GN/111 may be a receptor for neurotrophic factors such as NGF. Ganglioside GM1 also is a specific receptor for choleratoxin, (4, 10) but a detailed examination of this ganglioside is necessary to determine of its receptor function for NGF.
